The thermal properties and crystallization behavior of calcium phosphate glass fabricated using eggshell were examined. Nature eggshell has several impurities in the main component of CaCO and a biocompatible material, hydroxyapatite, was also observed. The crystallization process was completed under the condition of a holding time of only 1 h at the low temperature.
Introduction
hosphate glass has been steadily studied in the field of solid-state lasers because its light dispersion is lower but its refractive index is greater in comparison with those of silicate-based optical glass.
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In addition, phosphate glass is studied and applied in various fields including composite materials, sealing materials, medical materials, and solid electrodes because it has a low transition temperature, a low thermal expansion coefficient, and high chemical durability; also, its properties can be changed by adding a metal ion.
Various types of phosphate glass are available according to the composition. Particularly, bioactive phosphate glass, which may be applied for medical purposes, is generally used as a filler for the treatment of osteoporosis or as a coating material for artificial bones, rather than as a main material because of its low mechanical properties. One typical bioactive phosphate glass is calcium phosphate glass, in which some of the phosphates are substituted with calcium (Ca). Calcium phosphate glass can usually be manufactured by melting or sol-gel methods. In a general melting method, frit is prepared and melted for molding in a graphite or steel mold; the molding product is finally crystallized through heat treatment. The sol-gel method enables more accurate control of the chemical composition than the melting method, and it is usually applied to the manufacturing of bioactive glass for special purposes. However, the sol-gel method has low productivity and high process cost than melting method. Massera et al. 1 2 ) studied the crystallization behavior of 50P O phosphate glass. Their results showed that the glass transition temperature and the crystallization temperature decreased as substitution with SrO increased, as the heating rate increased in the heat treatment for crystallization, and as the frit particle size decreased. Kasuga et al. prepared a crystallization glass with the basic composition of Ca/P = 1 (60CaO·30P
O·3TiO
2 ) with the small amount of Na
2

O and TiO
2
, which are used as nucleating agents on the condition of different content; they also investigated the crystallization and sintering behavior and the fracture toughness of the prepared glass. The glass showed β-tricalcium phosphate (TCP) as the main crystalline phase through quenching process after melting at 1300 o C. In this study, eggshells were used for the preparation of calcium phosphate glass. Eggshells contain not only calcium carbonate (CaCO 3 ) as the main ingredient but also various impurities as trace ingredients. Some of the natural impurities are assumed to play the role of nucleating agent for the crystallization of phosphate glass. Therefore, the possibility of performing the crystallization without the addition of a separate nucleating agent is examined, and the preparation conditions of the crystallization calcium phosphate glass from eggshells as well as the properties of the prepared glass are investigated.
P
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Experimental Procedure
The calcium phosphate glass was prepared by using eggshells as the starting material. After washing and the drying eggshells, the eggshell membrane was removed. Then, to dissolve CaCO 3 , the main ingredient of eggshells, the eggshells were added to a solution prepared by mixing aqua regia, isopropyl alcohol (IPA), and deionized water. When the dried eggshells were mixed with the solution, a strong exothermic reaction occurred, along with the discharge of a large amount of gas. After completing the dissolution of the eggshells (with no more bubble generation from the solution at room temperature), the undissolved eggshell membrane was removed. A phosphoric acid solution (85 wt% in H X-Ray fluorescence (XRF, VGB R-302 He, Beuth Verlag, Germany) analysis was performed to determine the composition of the starting material (eggshells) and the glass prepared using the starting material. X-Ray diffraction (XRD, X'pert-pro MPD, PANalytical, Netherlands) analysis was performed to analyze the crystal phases of the dried precursor, the calcined precursor, and the crystallized phosphate glass. The properties of the prepared phosphate glass were investigated through thermal analysis using a thermo-gravimetry analyzer/differential scanning calorimeter (TGA/ DSC, TG2171, Thermo Cahn Corp., USA). Table 1 shows the composition of the eggshell starting material. Except for the organic materials, which cause ignition loss, the main composition was CaCO
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, with various other components in small amounts.
A solution containing aqua regia was used to dissolve the eggshells. The following reactions occurred in the dissolution of the CaCO 3 included in the eggshells:
The reaction was extremely strong exothermic and occurred with the production of yellow nitrosyl chloride (NOCl) gas with CO 2 . In addition, when the phosphoric acid solution was added to the prepared solution, an exothermic reaction occurred and transparent precipitates were produced by nitro-phosphate reaction.
The reactions that may have been involved in the process are as follows.
The product, assumed to be (NH
, may have been decomposed to the production of the yellow gas (NOCl) during the drying stage. The precursor volume expanded more than three times during the calcination process. The volume expansion probably causes by the decomposition of the organic materials dissolved while the eggshells were dissolved in aqua regia. The XRD pattern of the dried precursor ( Fig. 1(a) ) did not show the (NH Since ascorbic acid (C
) was found in the dried precursor, some of the organic materials may have been dissolved together, and ascorbic acid is presumed to be a byproduct of the drying process. Figure 2 shows the results of the TGA analysis that was performed to investigate the appropriate calcination temperature for the precursor. The weight slightly increased at the temperature below 100 o C because the nitrate, that was not completely removed, may have absorbed the moisture in the air. The weight drastically decreased at 300 o C, which is the temperature matching with the decomposition temperature of the ascorbic acid. The calcined precursor was heat treated up to 800 o C at which temperature almost no weight decrease occurred on the TGA data; the XRD results of the heat treated precursor ( Fig. 1(b) ) show no ascorbic acid peaks, indicating that the ascorbic acid was completely decomposed through the calcining process. The main crystal phases were found to be β-Ca(PO , and other calcium phosphate crystal phases were also found. The XRD pattern of the prepared glass specimen (Fig. 1(c) ) showed typical amorphous phase. Table 2 shows the chemical composition of the prepared glass specimen. The weight ratio of CaO to P 2 O 5 was 4 : 6 in the batch composition, however the resulting ratio was 41 : 58 ratio, which is not matched with the batch composition, because the chemical composition of the natural eggshells (Table 1) was not uniform. In addition, the content of alumina was higher in the glass specimen than in the raw material eggshells, which may be because a part of the alumina crucible was melted out into the glass specimen in the melting process. The partially melting of the alumina crucible during the melting process has been mentioned in the reported that if the CaO/P 2 O 5 molar ratio of a calcium phosphate glass is 1.2 or higher, the temperature for the formation of crystal phases in the calcium phosphate glass, as well as the melting point, increased due to an insufficiency of the glass-forming oxide of P 2 O
5
. Hence, additives such as a nucleating agent and a fusing agent are generally added at a ratio of 3 mole% or more in the preparation of calcium phosphate glass. However, in the composition of the calcium phosphate glass prepared in this study (Table 2) , the CaO/ P 2 O 5 molar ratio was 3.6, which was much higher than that of other previous studies (CaO/P To analyze the degree of crystallization depending on the holding time, Fig. 4 compares the XRD pattern of the glass specimen heat treated at 620 o C for 1 h and that of the glass specimen heat treated at the same temperature for 6 h. Although the crystallization occurred at 620 o C, the peak intensity was not significantly different between the specimen heat treated for 1 hour and the specimen heat treated for 6 h. Crystallization occurred even without the addition of any nucleating agent, probably because the impurities found in the XRF analysis, except for CaO and P reported that Fe
, and SiO 2 affect the crystallization of calcium phosphate glass.
To investigate the degree of crystallization depending on the temperature, the specimens were heat treated for 1 h at temperatures in a range from 620 o C to 640 o C, which was near the temperature of 630 o C at which an exothermal peak was found in the DSC analysis. Fig. 5 shows the XRD patterns of the specimens. Swelling of the specimen surface occurred at temperatures higher than 650 o C; crystallization was not observed at a temperature lower than 610 o C. Therefore, the specimens heat treated at temperatures higher than 650 o C and lower than 610 o C were excluded from the XRD analysis. The results showed that the peak intensity increased as the heat treatment temperature increased. In addition, the peak intensity representing β-Ca(PO 3 ) 2 slightly increased. Fig. 6 provides images of the prepared calcium phosphate glass and the crystallized glass prepared by heat treatment at 640 o C for 1 h. The results of the study showed that the calcium phosphate glass prepared using eggshells was easily crystallized. Also glass transition temperature, crystallization tempera- ture, and melting point were lower than other studies even it has high CaO/P 2 O 5 molar ratio. By controlling the amount of phosphoric acid addition, and performing a biocompatibility test with the glass samples, further studies will be conducted to investigate the formation of biocompatible crystal phases in calcium phosphate glass depending on the ratio of CaO to P 
Conclusions
Calcium phosphate glass was prepared by dissolving eggshells in aqua regia and adding phosphoric acid. All organic byproducts were removed in the preparation process. Many calcium phosphate crystal phases were found in the precursor, the calcined precursor, and the crystallized specimen. Although in comparison with other calcium phosphate glass products, the CaO/P 2 O 5 molar ratio was very high in the calcium phosphate glass prepared using eggshells, crystallization occurred due to the impurities included in the eggshells even in the absence of an added nucleating agent. The degree of crystallization of the calcium phosphate glass prepared using eggshells was affected more by the heat treatment temperature than by the holding time. The glass transition and the crystallization temperature were much lower in this study, than those temperatures as determined in previous studies conducted using commercially available products as CaO source.
